There is a growing interest in wind power, both within the US and internationally, as a potential renewable source of energy. In a recent report of US Department of Energy [1] , it is predicted that the overall power generation from wind will grow in the US from 4.5% in 2013 to 35% by 2050. However, there are some issues, in harnessing the wind energy through use of wind turbines, that impede the wide spread utilization of wind power. The issues in wind turbines include environmental impact causing concern for both humans and wild life, noise and vibrations caused by operation, and visual and aesthetic impacts.
BACKGROUND 2.1. Human ear
The typical human ear can perceive sound in a range of 20 Hz to 20 kHz with audibility remaining below 20 Hz but losing the tonal sensation. A higher sound pressure is required for lower frequency sounds to be sensed through the ear [2] .
Sound
Sound is broken into two magnitudes; sound power level and sound pressure level. Sound power level is the magnitude of the sound at the source in watts. Sound pressure level is the strength of sound at a given location and is measured in Pascal. Typical measurements and recording are measured in a unit called decibels. The logarithmic equations are as provided: (1) Where L w = sound power level, P = sound power at the source, P 0 = a reference sound power.
(2)
Where L p = sound pressure level, p = the effective (rms) sound pressure of a noise, p 0 is a reference rms sound pressure [3] . Figure 1 shows the scales of sound pressure (μPa) and sound pressure level (dB) for typical situations and activities [3] .
Sound propagation
As sound moves from the origin to a specified location the energy dissipates, causing a reduction in sound due to varying factors such as; source geometry and type; meteorological conditions; terrain type and contour; obstructions; and atmospheric absorption of sound. Sound levels decay by 6 dB per doubling of distance from a point source, which is observed in the following formula [4] . 
Where Lp = sound pressure level, r = distance from source in meters.
Weight filters
Sound measurement devices use weighting (denoted as dBA, dBB, dBC, dBD, dBG, dBZ) which accounts for the change in sensitivity in human ears at varying frequencies. A weighting corresponds approximately to the 40 phon equal loudness curve shown in Fig. 2 , and applies to the human ear's response at low to medium sound levels. It is the current IEC acoustic standard for sound and noise measurement [5] . B weighting corresponds approximately to the 70 phon equal loudness curve and applies to the human ear's response at medium sound levels. C weighting corresponds approximately to the 100 phon equal loudness curve and applies to the human ear's response at fairly high sound levels. G weighting is utilized for infrasound applications (below 20 Hz). Z weighting is when there is zero frequency weighting [6] .
Octave bands
Sounds can generate noise with distinct frequency components that can be presented using any frequency band, one-third (1/3) octave frequency band being the most common. The audio spectrum from 20 Hz to 20 KHz can be divided up into 31 1/3 octave bands, where the central frequency of each band (f center ) is 2 1/3 times the lower frequency (f low ) and the higher frequency (f high ) is 2 1/3 times the central frequency (f center ). Table 1 represents the 1/3 octave bands in the audible frequency range [5] .
Noise
Noise by definition is any unwanted sound and a large concern for wind turbines. The noise is generated from two aspects; the aerodynamic forces of the wind on the turbine blades, and the mechanical operation of the turbine. Modern gearboxes are now very quiet and therefore the dominant noise sources are located on the blade [7, 8] .
Noise generation
The major aerodynamic forces on a turbine blade can be seen in Fig. 3 . The different noise generation mechanisms are summarized in Table 2 . As the blade interacts with the atmospheric turbulence, an unsteady lift is generated in the blade, which creates a dipole-like sound source located at the blade leading edge, also known as inflow or leading-edge interaction noise [7] . The flow of air over the blades creates a boundary layer which transitions into a turbulent state. When the turbulent eddies pass a sharp edge the acoustic waves created by turbulence are reinforced via an edge diffraction mechanism, which is known as trailing edge noise and is the major noise source on a wind turbine [7] . When wind turbines are designed in a downwind orientation an interaction of the rotor blade and the turbine tower is created which is large source of noise. Modern turbines avoid this design in order to reduce this wake-rotor interaction. Even with the upwind design the blades still pass through a region of perturbed flow upstream of the tower, creating noise. Airfoil tip noise is generated by flow over the blade tip resulting in a trailing vortex system. Airfoil tonal noise occurs from discrete vortices from either in the boundary layer or wake [7] .
Types of noise
Noise produced can be broken down into separate categories [3] .
• Tonal -noise at discrete frequencies. It is caused by turbine components such as meshing gears, non-aerodynamic instabilities interacting with a rotor blade surface, or unstable flows over holes or slits or a blunt trailing edge. • Broadband -continuous distribution of sound pressure with frequencies above 10 Hz.
Broadband noise is caused by interaction of blades with atmospheric turbulence. The sound associated with broadband noise is a "swishing or swooshing" sound. • Low Frequency noise -noise in the range of 20 Hz to 100 Hz. Low frequency noise is caused by the occurrence of turbulence when the blades encounter localized flow deficiencies due to the flow around a tower. Low frequency noise is encountered more prominently in downwind turbines. • Infrasound -noise below the 20 Hz range. Wind turbines of contemporary design with an upwind rotor generate very faint infra sound with a level far below the threshold of perception even at a short distance [3, 9] . • Impulsive -short acoustic impulses or thumping sounds that vary in amplitude with time.
Impulsive noise is caused by interaction of blades with disturbed air flow around the tower of a downwind machine [2, 3] .
Amplitude modulation
Amplitude modulation (AM) of aerodynamic noise from wind turbines is a phenomenon that occurs when broadband noise is modulated (slowly changing the amplitude with time). It arises when the blades of the rotor pass through different zones or directions of wind. The "swishing" or "thumping" sounds that can be heard near wind farms is a product of amplitude modulation, (Fig. 4 ). This is considered to be the most annoying aspect of wind turbine noise for residents that live near these farms [2] . The causes of amplitude modulation are not fully understood and it cannot be fully predicted at the current state of art [10] .
ENVIRONMENTAL CONCERNS
There are several studies on health and environmental effects of wind turbine noise and vibrations. Current documentation perceives many possible effects on humans that may be attributed to wind turbines [11, 12] . These potential effects include noise-induced hearing impairment, interference with speech communication, disturbance of rest and sleep, psycho physiological, mental health, and performance ability, effects on residential behavior and annoyance, interference with intended WIND ENGINEERING Volume 39, No. 6, 2015 697 activities, Vibro-Acoustic Disease (VAD), and Wind Turbine Syndrome (WTS). However, there are studies and documentation that cite lack of sufficient evidence of the negative health effects of wind turbine noise. In this section, the recent literature on the health effects of wind turbine noise and vibration is reviewed from both these points of views.
Impact on human health
There are two main categories of concerns that could affect human health as a result of wind turbines [13, 14] . 1. Wind Turbine Design and Infrastructure, 2. Wind Turbine Noise.
Wind turbine design and infrastructure
For wind turbines to effectively provide power as a utility an infrastructure is necessary. A large part of this infrastructure involves the use of power lines for the transmission of power. A concern that rises from power lines is that of the electromagnetic frequencies (EMF) that are emitted by the power lines. In the 1980s and 1990s reports of people getting cancer from EMF emerged. This issue is controversial and incomplete as there are multiple studies that have provided opposing results since then. The majority of epidemiologic studies have shown no relationship between breast cancer in women and exposure to EMF in the home, although several individual studies have shown hints of an association [15] . The nature of the design of a wind turbine and its operation cause a rhythmic flicker of light and shadow. Studies suggest that flicker from turbines that interrupt or reflect sunlight at frequencies greater than 3 Hz pose a potential risk of inducing photosensitive seizures. Three blade turbines must be limited to a maximum speed of rotation of 60 rpm to maintain below 3 Hz [13] . The flicker frequency of wind turbines is generally at 1 Hz, which is too low for epileptic response [2, 16] .
Wind turbines also pose the risk of structural failure. This is an issue for any object with mechanical operation. The most common point of failure arises from faults in the drivetrain led by the gearbox. This can be predicted and prevented by utilizing vibration modeling [17, 18] .
Wind turbine noise
Wind turbine operation creates varying levels of noise dependent on many factors, which has potential to be of concern for human health [11, 12, 19, 20, 21] . The topic of noise being harmful to humans is controversial with studies showing results for both sides and no definitive answer to date.
The effects of noise on people can be classified into three general categories [ [13, 14, 19] . Experts concluded that the sounds from wind turbines are not unique and there is no evidence to believe that the sounds from wind turbines could plausibly have direct adverse health consequences [16, 19, 22] . Wind turbine noise is statistically associated with annoyance, and increased sound power levels has a direct effect on increased annoyance [2, 19, 23] . Annoyance to swishing, thumping sound generated by turbines is the most frequently documented effect of low frequency noise from turbines, not that of loudness or noisiness. Visual presence of wind turbines highly affects the noise annoyance reports and is likely a cause for bias [2, 13, 14, 23] . The annoyance caused by wind turbines may be associated with certain reported health effects. One study indicates that evidence of dose response relationship from wind turbine noise was linked to noise annoyance, sleep disturbance and possibly even psychological distress [24] .
Low frequency noise
The World Health Organization (WHO) recognizes that low frequency noise is an environmental problem [3] . Wind turbines can produce a relatively large amount of noise in the low frequency spectrum and can increase with the size of the turbine [24, 25] .
The potential health effects from low frequency noise include: noise-induced hearing impairment; interference with speech communication; disturbance of rest and sleep; psycho physiological, mental health, and performance ability; effects on residential behavior and annoyance; interference with intended activities; Vibro-Acoustic Disease (VAD), Wind Turbine Syndrome [2, 14] .
VAD is a collection of symptoms that are claimed to be caused by low frequency noise. Studies have shown that animals and humans can be affected by intense levels of low frequency noise and newer studies suggest that lower levels of low frequency noise can affect the human body [2] .
Hearing loss caused by low frequency noise has been reported in both humans and animals. This occurred with sound pressure levels above 100 dB. Adequately designed wind turbines will never produce this much sound pressure, thus this issue is not a concern [2, 16].
Infrasound
Infrasound is not unique to wind turbines and has been associated with learning, sleep and cognitive disruptions as well as stress and anxiety [13, 14] .
Infrasound has been demonstrated to cause physiological changes in humans at levels of 110 dB, but it remains unknown if exposure to infrasound from wind turbines does cause adverse health effects or if these potential health effects are the results of psychological mechanisms [24, 25] .
Another study states that infrasound near wind turbines does not exceed audibility thresholds and does not present unique health risks [16] .
To conclude, more research is needed to establish a connection between wind turbine noise and potential effects on human health. However, it is very important to take into account the perceived concerns of community in siting decisions of wind turbines for wider acceptance of wind as an important renewable energy source [14] .
Wild life
Animals are also affected by wind turbines which are mainly birds and bats. The installed turbines disrupt the natural flight path of the avian population and will indeed kill any animal that approaches too closely to the blades. Studies indicated that low fatality rates exist at most wind energy developments with the exception of some facilities in parts of California [26] .
VIBRATIONS AND FAULT DETECTION
Current technology aims at reducing the noise emitted from wind turbines. These include but are not limited to: gearbox design, upwind rotor wind turbine design, limiting the speed of the blade tips, and turbine blade design. The technology to reduce noise and vibration from improved design of wind turbines are subjects of active research [17, 18] .
Vibrations of a wind turbine have a negative impact on its performance. Data collected can be utilized in developing optimization models for improved performance of wind turbines.
Premature component failures are a common occurrence in wind turbines. The majority of these failures are caused by faults in the drivetrain, led by the main gearbox. This fault can be detected by utilizing vibration analysis and machinery health management to prevent catastrophic failures [17, 18, 27, 28] .
INSTRUMENTATION AND MEASUREMENTS 5.1. Equipment
The following equipment and accessories are commonly used to conduct the vibration and noise assessment along with weather data for wind power projects. These are from the leading international manufacturer of such systems in the field of vibration and noise [5] . Brief description of each device is given below for easy reference.
• Hand Held Analyzer type 2250 -an advanced, single-channel, hand-held analyzer and sound level meter with many optional application modules such as frequency analysis, FFT, advanced logging (profiling), sound recording and building acoustics. • Hand Held Analyzer type 2270 -a 4th generation analyzer that has a dual channel measurement capability and performs a frequency analysis based on the Fast Fourier Transform (FFT) algorithm. The dual channel capabilities allow for use of both channels simultaneously to measure with two microphones, two accelerometers, or one of each. • Type 3599 Sound Intensity Kit -a two microphone probe kit for measuring sound intensity.
The included 1/2" sound intensity microphone pair type 4197 enables 1/3 octave frequency measurements between 20hz and 6.3 KHz. Pressure correction can extend the upper 1/3 octave frequency to 10kHz. • BZ 7230 FFT Analysis Software -software that adds vibration and sound measurement technology that traditional 1/3 octave analysis cannot provide. Low frequencies can be analyzed down to 7 Hz (at -1 dB) using the standard microphone type 4189. • 3655 B Enhanced Portable Noise Monitoring Unit -a standalone unit that provides enhanced noise logging functionality including automatic event detection, sound recording, and calibration checks for extended periods. • MM 0256 A Weather Station Kit -allows for weather data to be measured simultaneously with noise data. The six parameter station that is available measures wind speed, wind direction, precipitation, temperature, humidity, and pressure. • All Weather Case -is made to contain a measurement system such as the type 2250 and 2270 analyzers in an easily transportable and sturdy case. The case will protect the system against weather and unauthorized operation, provide power, and allow remote operation. • 4231 Sound Calibrator -made for calibrating microphones and is very robust and stable, and conforms to EN/IEC 60942 Class LS and Class 1, and ANSI S1.40-1984. Calibration is performed on the user interface of the analyzer.
Measurement definitions
To distinguish between the different decibel measurements their definitions are listed as follows:
• LA eq is the A-weighted equivalent continuous sound level.
• LA peak is the A-weighted maximum sound level.
• LC eq is the C-weighted equivalent continuous sound level.
• LC peak is the C-weighted maximum sound level.
• LAF max is the A-weighted and Fast time weighted maximum sound level measure.
• LAF min is the A-weighted and Fast time weighted minimum sound level measure.
• LAS max is the A-weighted and Slow time weighted maximum sound level measure.
• LAS min is the A-weighted and Slow time weighted minimum sound level measure. Leq is defined as the steady sound pressure level which, over a given period of time, has the same total energy as the actual fluctuating noise. Thus, the Leq is in fact the RMS sound level with the measurement duration used as the averaging time [29] .
The fast and slow time weighting are standardized response times built into noise measuring instruments to provide visual indication of fluctuating noise levels. 
Standards
In order to accurately assess the noise produced by wind turbines, measurement and reporting of the data is necessary. Instrumentation for this purpose include microphones, digital recorders, signal analyzers, calibrators, pressure sensors, temperature sensors, and a data acquisition system, as well as other optional instruments. International standards have been set that should be followed for said measurement and reporting. It is necessary to measure raw data, the overall sound pressure level, and one-third octave spectra. It is also necessary to measure the power, wind speed, wind direction, rotor speed (optional), pressure, and temperature [30] .
The IEC Acoustic Standard IEC 61400-11 [31] states the desired measurements and averages. AWEA standards for small wind turbines require that sound levels shall be measured and reported in accordance with the latest edition of IEC 61400-11 ed.2, incorporating the additional guidance provided by AWEA [32] . The averaging period is recommended to be 10-second instead of 1minute, with direct measurement of wind speed directly instead of deriving it through power.
The method of bins shall be used to determine the sound pressure levels at integer wind speeds, covering as wide a wind speed range as possible, as long as the wind screen remains effective. It is required to provide any obvious changes in sound at high wind speeds where over-speed protection becomes active (like furling or pitching).It also states that tonality analysis is not required, but the presence of prominent tones shall be observed and reported.
CONCLUSION
The paper reviews the current literature on the issues of noise and vibration of wind turbines and their impact on human health and wild life, the current status of technology and future developments to mitigate the health and environmental impacts of wind turbine noise and vibration, and the current standards on measurement of acoustic noise of wind turbines and data analysis. More research is needed to establish a connection between wind turbine noise and potential effects on human health. However, it is very important to take into account the perceived concerns of community in siting decisions of wind turbines for wider acceptance of wind as an important renewable energy source.
